In a recent paper by Ronzoni (l) , which appeared in print after the present work had been completed, there is presented a summary of the anesthetic tensions of ether found by previous investigators.
The very extensive work of Gramen (2) is not included in this review nor are the recent findings of White (3) . Although the preponderance of evidence points to a concentration of 3 to 3.5 per cent by volume of ether vapor as the anesthetic tension, there exists an apparent incongruity which is set forth here briefly and which makes the present author, for reasons which will be apparent, hesitate to dogmatize.
The blood of anesthetized subjects, man or animal, has been found by most investigators (1, 2, 3, 4) to contain from 1.0 to 1.5 or 1.7 gm. of ether per liter.
The extremes express light and deep anesthesia.
Upon these values there is complete experimental agreement and further confirmation in the present work. In a previous paper the writer has determined the ratio of dishribution of ether between air and blood as 1 to 15; and Shaffer and Ronzoni (5) , employing an entirely different technique, have confirmed this ratio. When this coefficient is applied to the accepted concentration of ether in the blood at anesthesia, the corresponding tension of ether vapor in the respired air becomes 2.6 to 4.0 per cent by volume.
Spenzer (6) and Ronzoni (1) have kept animals anesthetized for long periods through the inhalation of air containing 'from 3 to 4 per cent of ether vapor.
In the present work a similar result will be reported.
In all these investigations the concen-783 IV tration was determined by analysis; Spenzer employed combustion, Ronzoni a modification of the Nicloux method; while the writer has used the iodine pentoxide method described in an earlier paper (7) . In addition Wailer (8), using a gas balance (the method later employed by Boothby), found an approximate value of 4.11 per cent for the anesthetic tension; while Dresser (9) , who analyzed the air from a Julliard mask during anesthesia, found it to contain approximately 3.5 per cent of ether vapor. In contrast to all the foregoing work, Boothby (lo), using a Connell anesthetometer (ll), recaliberated by means of a Waller balance (12), maintained a surgical patient in good anesthesia while breathing, in some instances for several hours, an approximately 7 per cent mixture of ether vapor and air. This work has been widely accepted, and t.he value of 7 per cent as the anesthetic concentration of ether has found its way into numerous text-books. The preponderance of evidence is overwhelming against the value given by Boothby, and yet in the opinion of the author it cannot be dismissed upon the mere assumption of error or faulty technique.
There exists in the situation an incongruity which is suggestive of something more than mere error.
In this connection the work of Spenzer, quoted above, is of particular interest. In order to determine the percentage of ether vapor necessary to maintain anesthesia in. dogs and cats, he volatilized a carefully weighed mass of ether in a measured volume of air. According to calculation the mixture should have contained 6.7 per cent of ether vapor; on analysis it was found to contain one-half this amount or 3.4 per cent. Spenzer placed faith in his analytical findings, while Boothby, for obvious reasons, preferred the calculated value.
The anesthetic mixture used by Boothby was prepared in a manner rather similar to that of Spenzer and analyzed, as stated, by a physical rather than a chemical method.
In carrying out the work presented in this series of papers, the author has been repeatedly confronted by a situation similar to Spenzer's.
Carefully prepared ether-air mixtures have given an analysis of almost exactly one-half the calculated figure.
A prolonged and unsuccessful effort has been made to account for the discrepancy in the results.
The question of ether loss has been considered from every aspect. Thus the concentration of the ether-air mixture contained in the gasometer has been held for many hours without appreciable drop.
The discrepancies between the calculated and analytical results were never of an order of magnitude other than the ratio of approximately 2 to 1; the phenomena showed no regularity.
The very doubtful possibility of a polimerization of ether was considered, but without result.
As a final check upon the analytical findings a sample of the mixture used for inducing and maintaining anesthesia was dried and passed through a condenser surrounded with liquid air. The ether thus recovered had the ordinary characteristics of ether including the vapor pressure.
Furthermore, the amount recovered was in agreement with the results obtained by the iodine pentoxide analysis.
Upon this basis the incongruity was allowed to rest and the analytical figures accepted at face value.
On this basis the anesthetic tension of ether vapor is 3.0 to 4.0 per cent. But why very close to one-half of the ether vapor volatilized is so frequently lost remains unexplained, Determination of the Anesthetic Tension of Ether.
Only at full equilibrium for any tension of ether inhaled can the physiological state be correctly correlated with the inspired or expired ether concentration, or with that of the blood drawn from any source. Even urine secreted at this time may serve as a valid index.
To determine the state of equilibrium during the course of ether inhalation it is necessary that the inspired and expired airs, collected over any period, shall contain exactly the same mass of et,her; thus showing that absorption no longer takes place. In passing it is to be observed that the word "mass" is used advisedly here, since the respective concentrations may be dissimilar as a result of difference in volume of the inspired and expired air consequent upon the character of the subject's respiratory quotient. Equilibrium can also be determined by the agreement of the ether concentration of the arterial blood and that drawn from the right heart.
Emphasis must be placed upon the point that blood drawn from any other source than the right heart is in no way indicative of the degree of saturation of the body with ether. The assumption that the venous blood, drawn for example from the femoral or the median basilic vein, is representative of the ether content of the general venous blood is a very common error. The concentration of the venous blood from any particular organ indicates the concentration of ether and the degree of approach to equilibrium in the particular structure from which the blood is collected, but does not indicate a similar state in other organs or in the body as a whole.
During the elimination of ether, especially if the breathing is moderate, the ether contents of the general venous and arterial bloods commonly differ by only a slight margin so that during this time the ether content of the blood drawn from any source is a fair index of the degree of saturation of the body as a whole. White (3) has taken advantage. of this fact in estimating the physiological state at various ether concentrations in the blood during recovery from anesthesia.
The method of determining the physiological response to ether through the correlation of the condition at equilibrium with some inhaled tension of ether cannot readily be applied to a state less than that of full anesthesia.
The bodily activities of a lesser degree of anesthesia, particularly the augmented respiration, rapidly lead to alterations in the subject's condition quite aside from those induced directly by the anesthesia.
On the other hand, the continued inhalation of a concentration sufficient to induce full anesthesia is accompanied by a gradual deepening of the state of functional depression even apart from further absorption or redistribution of the ether in the body. This fact emphasizes the point that ether anesthesia is a state of coma, something quite different from normal sleep, and distinctly abnormal. The duration of the administration of an anesthetic thus plays a part in determining the resultant physiological state. This is illustrated by Experiment 6 in which an animal was maintained in &her equilibrium at a level sufficient to produce deep anesthesia. During the 9 hours of inhalation it was necessary to lower the concentration of ether inspired three times and at decreasing periods, to prevent death from respiratory failure. At the end of this time the animal was maintained in deep anesthesia by inhalation of an ether concentration ordinarily only sufficient to produce light anesthesia.
Administration of ether of this duration to human patients is rare and probably never occurs in the state of full equilibrium such as was the case in the experiment presented here.
The maintenance of ether equilibrium with a uniform concentration of inhaled ether is complicated further by variation in body temperature.
A decrease in temperature commonly results during long etherizations from uncompensated heat loss. Alteration in temperature involves a change in the ratio of distribution of ether between blood and air. With decrease in temperature the tissues are capable of taking up more ether at. the same concentration of inhaled ether; as a consequence a period of absorption occurs and is accompanied by a rise in the content of ether in the blood.
Notwithstanding this rise, the tension exerted by the ether dissolved in the blood or tissues does not increase, since it is limited and cannot exceed the tension in the inspired air except during the process of elimination.
If the physiological response to ether is determined by the quantity of ether in the blood or tissues, then the state of anesthesia should be deepened during equilibrium maintained to a constant concentration of ether and with decrease in body temperature.
On the contrary, if the physiological response is determined by the tension of ether existing in the blood or tissues, then temperature variation should be without effect. Tension seems to the writer the more probable.
In all the experimental work in which an attempt has been made to establish ether equilibrium, the body temperature was maintained nearly uniform as indicated by repeated rectal temperature readings.
A hot water table and blankets were used. In Experiments 1, 2, and 3, which are given below, dogs were brought to equilibrium with a definite concentration of inhaled ether determined by analysis of air and blood.
The attainment of the desired condition was expedited by a preliminary period during which the animals were allowed to inhale a much higher concentration of the anesthetic. The existence of equilibrium was proved by the agreement in the ether content of the blood drawn from the femoral artery and that from the right heart.
The animal of Experiment 1 presents a light or moderate anesthesia with cornea1 reflex present when in equilibrium with a concentration of 0.079 gm. of ether per liter of air. This concentration of ether is equivalent to a tension of 20.9 mm. and is 2.94 per cent by volume.
The concentration of ether in the blood was 1.14 gm. per liter. The ether content of the blood drawn from the internal jugular vein offers a means of determining the degree of the saturation of the brain with ether.
With the various concentrations of ether so found, the physiological responses of the subject, are readily correlated.
In Experiments 4, 5, and. 6, dogs were allowed to breathe a uniform mixture of ether vapor in air. Blood samples were drawn at frequent intervals from the internal jugular vein and the ether content was determined.
Unconsciousness appears when the blood reaches an ether concentration of 0.39 to 0.46 gm. per liter.
During elimination of ether, consciousness returns when a similar blood concentration is reached.
The tension or partial pressure of ether corresponding to this concentration is 6.7 to 7.9 mm. These figures are in close agreement with those of White (3).
The.corneal reflex disappears when the blood from the internal jugular vein contains 1.15 to 1.25 gm. of ether per liter.
The corresponding tensions are 20.9 to 21.8 mm. The concentration of ether which results in abolition of the cornea1 reflex in these experiments is further confirmed by the findings of Experiments 1 and 2, in which complete equilibrium was reached.
In the first of these, with a blood content of 1.14 gm. of ether per liter, the cornea1 reflex was present, while in the second wit,h a blood content of ether of 1.22 gm. per liter, the cornea1 reflex was absent.
In the experiments given below, respiratory augmentation was found to commence when the blood contained 0.18 to 0.24 gm. of ether per liter.
The corresponding tension is 3. Normal.
Unconscious.
Cornea1 reflex absent.
Respiration failure.
SUMMARY.
1. When the body is in complete equilibrium with any concentration of inhaled ether, the ether content of the blood drawn from any source serves as an index of the condition.
2. The state of equilibrium is established when the mass of ether in the inspired air is identical with that in the expired air or when the ether contents of blood from the right heart and of arterial blood are the same.
3. In any condition short of complete equilibrium, venous blood drawn from any source other than the right heart has no precise significance as to the degree of saturation of the body as a whole. The ether content of venous blood from any organ or structure indicates the state of saturation of that structure only.
4. The ether content of blood from the internal jugular vein is an index of the degree of saturation or concentration in the central nervous system, upon which depends the degree of anesthesia.
5. During elimination of ether the ether content of the arterial and venous blood drawn from any source differs by only a very slight margin and for this reason the physiological response to ether may be readily determined with fair precision during elimination;
as it cannot be during induction.
6. The physiological response to various concentrations of ether as presented in this paper is in close agreement with those of other recent workers in this field and indicate that the anesthetic tension is 3.7 to 4.0 per cent of an atmosphere. The commonly accepted figure (7 per cent) , as determined by Boothby, is probably nearly twice as great as it should be. It is commonly found that mixtures of air and ether vapor, made up to contain a desired amount of ether per liter, actually on analysis, prove to contain much less. The fact that the amount found chemically is often very close to one-half of that expected, may or may not be of some significance.
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